What are the new findings? ► The prevalence of H. pylori in the studied middle eastern sample population was found to be around 37%. Abnormal gastric biopsy results were found in 56% of the studied population out of which 66% were found to have H. pylori. ► Increasing age and being H. pylori positive were associated with an increased likelihood of exhibiting abnormal gastric biopsy results. ► Comparing H. pylori and each of the components of Correa's cascade showed a significant relationship between H. pylori and each of gastritis, glandular atrophy, and intestinal metaplasia. ► Both gastritis and metaplasia were being detected more frequently than glandular atrophy upon diagnosis.
How might it impact on clinical practice in the foreseeable future? 
IntroductIon
Helicobacter pylori is a microaerophilic, gram-negative bacterium that infects around half of the world's population. Although the exact mode of transmission remains unclear, multiple mechanisms may be operative, with person-to-person transmission seems the Open access most probable mode of acquisition. 1 The virulence of H. pylori comes from the bacterium characteristics that allow it to adapt to the gastric environment and invade the gastric mucosa while precipitating an immune response that contributes to the pathological changes in the host. Infection with H. pylori can lead to a constellation of dyspeptic symptoms and to an increased risk of gastric adenocarcinoma which makes the diagnosis and treatment of H. pylori infection crucial. 2 Based on the Lebanese Cancer Registry, stomach cancer is one of the 10 most common cancers among the Lebanese population. 3 Due to the debilitating consequences of chronic H. pylori infection, worldwide efforts are being made for gastric adenocarcinoma prevention and H. pylori treatment. Results from animal models and recent epidemiological studies showed that gastric carcinogenesis can be prevented with the eradication of H. pylori in infected subjects. 4 In addition, data from a randomised clinical trial, found that the incidence of gastric cancer was reduced with short-term treatment for the eradication of H. pylori. 5 Moreover, meta-analysis of primary prevention studies showed around 40% decrease in gastric cancer progression with H. pylori eradication. 6 Published guidelines regarding stomach cancer prevention strategies stress on the need to find subgroups at high risk of developing stomach cancer to apply specific strategies. 7 8 The WHO and the International Agency for Research on Cancer recommend that all countries should assess the potential value of gastric cancer prevention strategies in relation to present and future economic and human impacts. 9 The Lebanese population's increased risk of developing stomach cancer is linked to many factors such as a high sodium diet, obesity, smoking, and relatively high alcohol use. 10 11 The literature does not contain systematic reviews on the prevalence and epidemiology of H. pylori in Lebanon.
Furthermore, in order to appreciate the role of H. pylori in the carcinogenesis of gastric carcinoma, one should take a look at Correa's cascade, which represents a stepwise transformation process that takes 30-50 years beginning with gastritis, progressing to atrophic gastritis, followed by intestinal metaplasia, intestinal dysplasia, and ending with intestinal carcinoma. 6 Interestingly, it is unknown whether Correa's pathway is reversible, yet at the same time, studies show that treating H. pylori is associated with a reduction in gastric carcinoma incidences. 6 In order to investigate the possible reversibility of Correa's cascade, the first step is to identify what type of gastric lesions are being significantly detected more frequently in patients infected with H. pylori. These patients should be subsequently followed for progression of the transformation process after eradication of H. pylori.
In this study, we aim to perform an epidemiological analysis of H. pylori infection, stomach cancer and precancerous lesions of the stomach in symptomatic middle eastern patients in a tertiary hospital centre in Lebanon over a period of 12 months (from mid-2017 to mid-2018) while trying to identify the timing of H. pylori infection detection in relation to Correa's cascade. Furthermore, we aim to identify possible duodenal pathology focusing specifically on duodenal adenocarcinoma and celiac disease (CD) while investigating a possible relationship between abnormal duodenal findings and H. pylori infection. The findings are also compared with national and international data.
PoPulatIon and methods sampling
This retrospective cross-sectional study was conducted on a middle eastern population at a tertiary hospital centre in Lebanon on a total of 1428 patients who underwent gastroscopy and duodenoscopy with biopsies by qualified physicians over a period of 12 months. Documented demographic data consisted of the age and sex of the patients.
The sample size (1428) was not reached based on the general population but rather on the number of patients presenting to St. George Hospital University Medical Center with respect to the inclusion and exclusion criteria.
Inclusion criteria
The inclusion criteria for this study were met if the patient was previously undiagnosed and is presenting with one or more dyspeptic symptoms (ie, postprandial fullness, early satiation, or postprandial epigastric pain).
The number of patients who presented for endoscopic evaluation was 1734. A total of 1574 patients met the inclusion criteria.
exclusion criteria
Any patient that presented with one or more of the following alarm symptoms: weight loss, haematemesis, or persistent vomiting, was excluded from the study. Moreover, any patient who did not have both a gastric and duodenal biopsy submitted, was excluded as well. Additionally, patients with a recent proton pump inhibitor (PPI), histamine receptor blockers, or/and antibiotic intake were excluded from the study.
A total of 146 patients were excluded thus reducing the sample size to 1428 patients.
endoscopy preparation and procedure
All endoscopies were performed after 6 hours of fasting. In non-sedated patients, xylocaine 5% was used as a topical anaesthetic for the oropharynx. Sedation with IV midazolam 0.1 mg/kg was used at the discretion of the physician. Patients were placed in the left lateral decubitus position, with constant monitoring of vital signs by an anaesthetist.
Endoscopies were performed using a fibre optic Olympus gastro-duodenoscope, adhering to standard procedures. Endoscopic evaluation was carried out as far as the second part of the duodenum. As per institutional standards, punch mucosal biopsies were taken for histopathological diagnosis of H. pylori and CD from the antrum (two), stomach body (two), second portion of the duodenum (two), and from any suspicious area along the evaluated gastrointestinal tract. The analysis was based on the most advanced lesion found in the stomach and duodenum, respectively.
Pathology analysis
In order to stratify the different abnormal gastric and duodenal biopsy results, micro-cuts were taken from each biopsy sample, and were stained with H&E. The histopathological findings of the gastric biopsy were stratified into normal finding, chronic gastritis, atrophic gastritis, intestinal metaplasia, dysplasia and intestinal type-gastric cancer. All other results were considered negative. Abnormal duodenal biopsies results were stratified into normal, villous atrophy, intra-epithelial lymphocytes infiltrates and adenocarcinoma. CD was defined as duodenal histology featuring villous atrophy and/or intraepithelial lymphocytes.
Modified Giemsa stain was used to diagnose H. pylori infection from the different biopsy specimens.
statistical analysis
Data analysis consists of χ 2 tests testing the relationships between H. pylori and each gastric biopsy result, comparing the detection significance of the various gastric biopsies, testing the relationships between the presence of H. pylori and each duodenal biopsy result along with the relationships between each of the gastric biopsies with each of the duodenal biopsy results.
Additionally, the analysis consists of the regression analysis. The data consists of three independent categorical variables including (age stratified into two groups: 'less than 40 years old' and '40 years and above'; gender stratified into two groups: 'males' and 'females'; and H. pylori stratified into two groups: 'H. pylori' and 'non-H. pylori') that are presented as frequencies and percentages. A p value of less than 0.05 was chosen as the cut-off for significance. SPSS V.24 was used for data entry, data cleaning, and analysis. Binomial logistic regression tests were run to assess the predictors of exhibiting abnormal gastric and duodenal biopsy results. The dependent variables are 'Gastric Biopsy Result' and 'Duodenal Biopsy Result', treated as categorical variables (abnormal or normal). A third binomial regression was run to test the effects of gender and age on the presence of H. pylori. Adjusted ORs and a 95% CI are reported.
The results are presented as epidemiological data, analysis of gastric biopsy results and analysis of the duodenal biopsy results in relation to the various variables previously mentioned.
results epidemiological data
A summary of the epidemiological presentation of the patient sample and biopsy results is shown in table 1. The prevalence of H. pylori in the studied sample was found to be 37%. Abnormal gastric biopsy results were found in 56% of the studied population out of which 66% were found to have H. pylori. Gastric intestinal carcinoma was found in 0.4% of the patients. With regards to the duodenal biopsy results, 4% were abnormal with celiac being present in 3.8% of the patients and duodenal carcinoma being present in 0.2%.
analysis of gastric biopsies results
Binary logistic regression: age, H. pylori, gender versus gastric biopsy result A binomial logistic regression was performed to ascertain the effects of age, H. pylori, and gender on the likelihood that patients have an abnormal gastric biopsy result (table 2) .
From these results, one can see that age (p<0.001) and H. pylori (p<0.001) added significantly to the model/ prediction, but gender (p=0.090) did not significantly add to the model. It was found that increasing age (namely the 40 years and above category) was associated with an increased likelihood of exhibiting abnormal gastric biopsy results (β=2.68, 95% CI 1.703 to 4.20). Patients who were H. pylori positive were more likely to have an abnormal gastric biopsy result than patients who were H. pylori negative (β=3127, 95% CI 433.9 to 22 537.7).
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Binary logistic regression: age, gender versus H. pylori
A binomial logistic regression was performed to ascertain the effects of age and gender on the likelihood that patients have an H. pylori positive result (table 3) .
From these results, one can see that only age (p<0.001) added significantly to the model/prediction. It was found that increasing age (namely the 40 years and above category) was associated with an increased likelihood of exhibiting a positive H. pylori result (β=1.67, 95% CI 1.306 to 2.128). χ 2 analyses: H. pylori versus gastric biopsy histopathology result χ 2 analyses for H. pylori and each of the components of Correa's cascade showed a significant relationship between H. pylori and each of gastritis, glandular atrophy, and intestinal metaplasia (table 4). However, no significant relationship was found between H. pylori and each of Intestinal Dysplasia and Gastric Carcinoma groups. χ 2 analysis for the difference in the prevalence of the various gastric biopsy histopathology result regardless of the presence of H. pylori The aim of these tests was to identify which tissue biopsy lesion is being significantly detected more frequently in our sample regardless of the presence of H. pylori (including the normal results). Using the χ 2 test, the percentage of patients that had glandular atrophy differed by those that had gastritis, X2(1, n=1428)=18.569, p<0.001. The percentage of patients that had intestinal metaplasia did not differ by those that had glandular atrophy, p=0.070. The percentage of patients that had intestinal metaplasia differed by those that had gastritis, X2(1, n=1428)=76.531, p<0.001. These results show that gastritis is significantly being detected more frequently than glandular atrophy and intestinal metaplasia. Figure 1 shows a representation of the various gastric biopsy results with age. χ 2 analysis for the difference in the prevalence of the various gastric biopsy histopathology results in patients with H. pylori The aim of this test was to identify which tissue biopsy lesion is being significantly detected more frequently in our sample, among patients infected with H. pylori. The results show that only one case had both positive H. pylori and a normal gastric biopsy result. In H. pylori positive patients, the prevalence of gastritis, glandular atrophy, and intestinal metaplasia was 81%, 5%, and 13%, respectively. More cases of gastritis are being detected in comparison to cases of metaplasia (p<0.001). Moreover, both gastritis and metaplasia are being detected more frequently than glandular atrophy (p<0.001). A detailed analysis is presented in table 5.
analysis of duodenal biopsies results
The three cases of duodenal carcinoma were all well differentiated adenocarcinoma, ulcerating, located at the second portion of the duodenum (periampullary), had a Figure 1 Frequency of gastritis, glandular atrophy and intestinal metaplasia with increasing age. This is a scatter (XY) chart with trend lines representing the change in the frequency of each type of precancerous gastric lesions with increasing age. The chart represents the higher prevalence of gastritis relative to intestinal metaplasia and glandular atrophy. ' and 'duodenal biopsy result' showed that the percentage of patients that had an abnormal duodenal biopsy result did not differ by gastric biopsy result, X2(1, n=1428)=0.902, p=0.342.
Binomial logistic regression: age, H. pylori, and gender versus abnormal duodenal biopsy result A binomial logistic regression was performed to ascertain the effects of age, H. pylori, and gender on the likelihood that patients have an abnormal duodenal biopsy result.
From these results, one can see that none of the predictors added significantly to the model/prediction, since the p values for gender, age and H. pylori were greater than 0.05 (0.949; 0.869 and 0.605, respectively). Furthermore, the 95% CIs for all three predictor variables include the null value of 1.00, which further supports that the respective ORs are not statistically significant. This may be due to the fact that our sample size may be small to have enough power to detect a statistically significant result if one truly does exist.
dIscussIon
The epidemiological data showed that the prevalence of H. pylori, as detected by histology, was 37%, regardless of the presence of any gastric lesion. This is consistent with some studies in the European literature which reports a 30% detection rate by histology. 12 Moreover, a study conducted in a setting similar to ours, shows similar results with H. pylori being detected in 36% of the patients on histology. 13 A systemic review presented a prevalence varying between 22% and 87.6% in the Eastern Mediterranean region. 14 Regarding the investigations done in Lebanon, one study found the prevalence to be 52.4% on histology at a peripheral hospital in north Lebanon. 15 The variation of results between our study and the aforementioned study could be due to the fact that it was conducted in a relatively peripheral hospital whereas our study was conducted in a central hospital (north Lebanon vs Beirut). Table 5 χ 2 analysis for the difference in the prevalence of the various gastric biopsy histopathology results in patients with H. pylori. The table shows that in patient with H. pylori, gastritis is being detected more frequently than metaplasia and glandular atrophy (p<0.001) and that intestinal metaplasia is being detected more frequently than glandular atrophy (p<0.001) Gastric intestinal carcinoma was found in 0.4% of the patients. Around 4% of the duodenal biopsy results were abnormal, with villous atrophy being present in 2.2% of the cases. Our results are numerically close to the study done in a primary health centre in Beirut which showed a prevalence of 1.8%. 16 Moreover, the results in Lebanon are similar to the results of other studies done worldwide. 17 Unfortunately, the prevalence of CD is difficult to assess in the absence of well-defined criteria. However, many different studies, with some variations in the diagnostic criteria, showed similar results with a prevalence of CD varying between 1% and 5%. [16] [17] [18] [19] [20] [21] Duodenal carcinoma was present in 0.2% of our cases. To our knowledge, the prevalence of duodenal carcinoma in patients presenting with gastrointestinal symptoms in general or dyspepsia in specific has never been investigated. The 0.2% prevalence found in our sample of patients presenting with dyspepsia, is 180 times higher than the prevalence of all small intestine carcinomas in the US general population, which was around 0.002% in 2004. Also, this study results are 780 times higher than the prevalence of small intestine adenocarcinoma in France, which was found to be 0.0002% in a study conducted between 1976 and 2001. 22 However, it is important to note that this study deals with the prevalence of duodenal carcinoma in symptomatic patients in contrast to the USA and France's studies which deal with the general population, thus emphasising the need to further investigate the likelihood of duodenal carcinoma in this specific subset of individuals.
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Gastritis (G)
Moreover, the results show that being above 40 years of age is associated with an increased likelihood of exhibiting a positive H. pylori result. The increased risk of infection with age is still controversial, with conflicting reports in the literature. Studies done in Iran, 23 Morocco, 24 Ethiopia, 25 and many European epidemiological studies show a positive correlation between age and increased risk of H. pylori infection. However, a number of other studies, including one conducted in Lebanon, found no such association, attributing the other positive findings to a birth cohort effect. Our results showed no association between gender and H. pylori detection rates, which
Open access is consistent with most of the literature, including local data. 15 26-28 Correa's cascade is an established pathway for the carcinogenesis of gastric carcinoma. This transformation process involves the following stages in chronological order: gastritis, atrophic gastritis, intestinal metaplasia, intestinal dysplasia, intestinal carcinoma. H. pylori plays an important role in this cascade, which usually spans 30-50 years.
It is important to note that it is still unknown whether Correa's cascade is a reversible process or not, regardless of the fact that treating H. pylori infections results in a reduced gastric carcinoma incidence. In order to establish a reversibility in Correa's cascade, an assessment of which gastric lesions (if any) are being significantly detected more frequently needs to be carried out. Patients should be followed to assess the progression/ regression of their gastric lesions after the eradication of H. pylori.
Here, we investigated the effects of age, H. pylori, and gender on the likelihood of a patient to have an abnormal gastric biopsy result. It was found that being above 40 years of age and/or having a positive H. pylori result, were associated with an increased likelihood of exhibiting abnormal gastric biopsy results. In relationship to Correa's cascade, we are significantly detecting more cases with gastritis in comparison to patients with metaplasia (p<0.001). Moreover, both gastritis and metaplasia are being detected at a higher rate than glandular atrophy (p<0.001) in patients infected with H. pylori. However, gender was not associated with any positive biopsy results.
The association of H. pylori and abnormal gastric biopsy results is a well-established finding. 6 For age and gender, we know that gastric cancer is more common in males and elderly. 28 However, to our knowledge, there is no study investigating the significance of having precancerous gastric lesions (PCGLs) in relationship to gender and age. Although an increase in PCGLs with age is expected, this is the first study to provide empirical evidence for this increase. On the other hand, and counterintuitively, we did not find a difference between males and females in relationship to PCGLs.
The absence of association between all the above-mentioned factors and gastric carcinoma is probably due to the low number of cases of carcinoma in our sample, which reflects a high early detection of the precursor gastric lesions and relative early eradication of the infection in the population involved.
Additionally, it was interesting to identify which tissue biopsy is being significantly detected more frequently in our sample, regardless of the presence of H. pylori (including the normal results). It was found that more gastritis cases are being significantly detected relative to intestinal metaplasia and glandular atrophy, with no significant difference between the last two. Figure 1 shows the distribution of the various gastric biopsy results in relation with age. Although the graph cannot be used as a definitive tool for interpretation, it helps one to visualise a relative bimodal distribution of gastritis in the population (peaking around 55), with an increase in the frequency of intestinal metaplasia after 40 years of age. One can attribute the decrease in gastritis could be partially due to the transformation to more advanced stages (which can be explained by the rise in both intestinal metaplasia and atrophy). However, other causes such as regression of the disease, decrease population size, and treatment should be considered as well.
Moreover, and as expected, having positive H. pylori, positive gastric biopsy results, gender and age were not associated with positive duodenal biopsy results for CD, with no relationship found with any of the biopsy findings. In the literature, a study done by Lebwohl et al found that H. pylori infection was lower in CD positive patients than in those without CD. 17 Many other studies found similar H. pylori infection rates among individuals with and without CD, with one showing the presence of variations in CD's histological damage depending on the H. pylori strain. 18 29 No difference between gender and between ages was found in the literature. 17-25 27-30 The patient sample number was based on the number of patients presented to St. George Hospital University Medical Center in the period between mid-2017 and mid-2018 with respect to the aforementioned inclusion and exclusion criteria. As such, the patient sample number was not based on the general population which may be considered as a limitation to this study.
Finally, our results were compatible with the abstract presented at the European Society of Gastrointestinal Endoscopy (ESGE) Days Congress 2019. 31 
conclusIon
In conclusion, a high rate of H. pylori was detected in the sample of patients presenting with dyspepsia, with H. pylori being found along different PCGLs with varying significance. Moreover, in this sample of patients presenting with dyspepsia, an unexpectedly high prevalence of duodenal adenocarcinoma was found. The different gastric and duodenal pathologies found were unassociated. A follow-up study is planned in the same sample to monitor the progression of the PCGLs after H. pylori eradication, in order to identify the possible reversibility of Correa's cascade.
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